The organoclay/poly(methyl methacrylate) (PMMA) nanocomposites were prepared by in situ photopolymerization method using two solvents, ethanol and acetonitrile. The influences of organoclay loading, solvent nature and length of attached surfactant (C8 or C16) on thermal and mechanical properties were studied by thermogravimetric analysis and dynamic mechanical analysis. Alkylammonium surfactants with C8 and C16 chain lengths were evaluated as clay modifiers. All the nanocomposites prepared in acetonitrile exhibited improvement in their thermal stability, mainly due to the interaction between the clay and the polymer which is maximized by the exfoliated clay structure. In the case of PMMA and nanocomposites synthesized in ethanol, the thermal stability of polymer and nanocomposites remained practically the same once the clay structure is predominantly of the intercalated type. In comparison with pure PMMA, glass transition temperature and storage modulus of polymer are notably increased by the presence of clay. It was found that the chain length of surfactant attached to the SWy-1 clay affects the Tg values. Glass transition temperatures of nanocomposites SWy-1-C16/PMMA were significantly higher than the values obtained for nanocomposites SWy-1-C8/ PMMA. This can be attributed to the modifying agent C16, which has a greater hydrophobic chain length. The organic tail can provide a better dispersion of the MMA monomer in the organoclay, resulting in a nanocomposite with predominant exfoliated structure. Another significant factor to be considered was the effect of solvent used in the nanocomposite preparation. Considering nanocomposites with the same chain length (C8 or C16), Tg values obtained for nanocomposites prepared with ethanol is higher than those observed for those prepared in acetonitrile. This was attributed to the influence of the average molecular weight; once the nanocomposites prepared in ethanol exhibited higher polymeric chains.
Introduction
Polymer-layered clay nanocomposites are part of a new class of composite materials, in which layered silicate materials dispersed in a polymer matrix have dimensions on the nanometer scale [1] [2] [3] . Polymer-clay nanocomposites have attracted the attention from the industry as well as academic research institutes 4, 5 because of their improved physical, chemical and mechanical properties at very low clay content (<5 wt%) 4, 6 when compared with conventionally filled polymer composites. Generally, the polymer-clay nanocomposites may have enhanced gas barrier, electrical, optical, flame retardancy properties and thermal properties compared to pure polymer 7, 8 . Montmorillonite (MMT) is used to prepare polymerclay nanocomposites. Its structure type is 2:1, which form packets. Each , located into the space between layers of clay 9, 10 . Natural montmorillonite (MMT) have been treated with organic cations to obtain an organophilic montmorillonite or organoclay with the purpose of improving their compatibility with polymer matrix 8, 9 . Poly (methyl methacrylate) (PMMA) is a transparent, synthetic and rigid polymer which presents low crystallinity as well as good mechanical strength and electrical properties. Among the applications of this polymer, it is important to highlight their use in parts for computers, fiber optics, 3D illuminated panels, solar deflectors, orthodontic equipment, among other purposes 11, 12 . The characterization of PMMA nanocomposites have been performed by thermal analysis methods. Lerari et al. 4 investigated the thermal stability of PMMA nanocomposites with 3 wt% of organoclay montmorillonite. The results showed that the organoclay can stabilize the thermal degradation of the PMMA matrix 4 . These results are similar to those described by Meneghetti and Qutubuddin for PMMA with 10 wt% C18 MMT organoclay 13 . Sahoo and Samal studied the thermal degradation of PMMA with different amounts varying from 2.5-15 wt% of natural montmorillonite 14 . According to the results the onset of thermal degradation for PMMA/MMT nanocomposites is higher when increasing the clay content 14 . Although many works report thermal polymerization to prepare nanocomposites [15] [16] [17] [18] few studies have been presented using in situ photopolymerization to obtain clay/polymer nanocomposites 19, 20 . In the present work, the effects of clay surface modification (attaching C8 or C16 surfactants), organoclay loading and solvent nature on the thermal properties of organoclay/PMMA nanocomposites obtained by in situ photopolymerization were investigated.
Experimental

Material
The montmorillonite clay SWy-1/ Na + was supplied by Source Clays Repository of the Clay Minerals Society, University of Missouri, Columbia, Missouri. The clay was purified as described earlier 21 . The monomer used was methyl methacrylate (MMA) from Aldrich. Ethyl-4-dimethylamino benzoate (EDB) (co-initiator) was purchased from Sigma and thioxanthone (TX) used as initiator was supplied by Fluka. Surfactants octyltrimethylammonium bromide (C8) (Fluka) and hexyltrimethylammonium bromide (C16) (Sigma) were used as modifying agents in the preparation of organoclay.
The solvents used were ethanol, acetonitrile, methanol, chloroform and tetrahydrofuran (HPLC grade, Tedia).
Preparation of SWy-1 organoclay
The organoclay was prepared by cation exchange reaction between the sodium cation of the SWy-1/Na + and modifying agent C8 or C16. The organoclay was obtained as described earlier 22 and it was denoted as SWy-1-C8 and SWy-1-C16.
Photopolymerization
Different amounts of SWy-1-C8 and SWy-1-C16 organoclay (1.0, 3.0, and 5.0 wt%) were dispersed into acetonitrile or ethanol by stirring overnight.
Solutions containing methyl methacrylate
-2 mol L -1 ) and modified clay dispersion (1.0, 3.0 and 5.0 wt.%) in acetonitrile or ethanol were stirred for 1 h under a nitrogen atmosphere. Afterwards, the samples were irradiated for 4 hours using four 100 W Phillips Daylight lamps, at room temperature. The products were precipitated with methanol. The precipitate was filtered, washed and dried at room temperature. Thin material films were casted from chloroform solutions (weight concentration: ca. 3.5%) and these were dried at room temperature.
Thermal analysis
Thermogravimetry (TGA)
The thermal stability of PMMA and nanocomposites was studied by thermogravimetry (TGA). The TGA was performed in a SDT-Q 600 (TA Instruments) under nitrogen flow (100 mL min -1 ) with a heating rate of 10 °C min -1 , from room ambient temperature to 600 °C, with samples mass ca.
7 mg in open alumina crucibles.
Dynamical mechanical analysis (DMA)
A Q800 dynamical mechanical analyzer (TA Instruments) was used to evaluate the mechanical properties of PMMA and nanocomposite films. Films were cut in the dimensions of 30 mm × 10 mm (length and width). The DMA equipment was used operating in the tension mode with a film clamp and calibrated using a metallic standard. The frequency was fixed at 1 Hz and oscillation amplitude of 15 µm, analysis was performed in the 30-150 °C range at a heating rate of 1 °C min -1 . The equipment was stabilized at 30 °C by 3 minutes. The glass transition temperature (T g ) was obtained from maximum value of tan δ curve.
Results
Characterization of thermal properties
The TGA curves of the samples are presented in Figure 1 . The Figures 1a, b present the resulting TGA and DTG (Derivative TGA) curves of PMMA and nanocomposites synthesized in acetonitrile. The PMMA thermal degradation process takes place in three steps 4, 13, 23 . It is possible to observe that the presence of clay shifted the random scission process (third step) toward the higher temperature (Figure 1a, b) .
In the case of PMMA, SWy-1-C8/PMMA and SWy-1-C16/PMMA nanocomposites synthesized in ethanol (Figures 1c, d) , which predominant structure is of the type intercalated 24 , there is no significant difference between the temperature of larger peak of DTG curves obtained for polymer or nanocomposites. Figures 2a, b show the temperature dependence of storage modulus (E') of PMMA and its nanocomposites. The nanocomposites prepared in acetonitrile showed the storage modulus up to 2.8 times larger than the pure polymer and for the nanocomposites synthesized in ethanol, E' increased 2 times.
Dynamical mechanical analysis (DMA)
3.2.1. Storage modulus
Damping factor (tan δ)
The temperature dependence of tan δ is shown in Figure 3 which present the tan δ vs. T curves for the unmodified PMMA as well as the nanocomposites containing 3 wt% of clay and both surfactants and solvents. The shift variation of tan δ peak towards higher temperature indicates an increase in the glass transition temperature (T g ) for the nanocomposites when compared with pure polymer. Figure 4 presents the changes in the Tg for all the nanocomposites as a function of the clay content, revealing that the Tg increases up to 3 wt% clay amount in most cases. The Tg then decreases with 5 wt % clay content. It is evident from the Figure 4 that T g were significantly shifted to higher temperature as a function of clay loading 10, 25 . Table 1 shows glass transition temperature and molecular weight (M w ) obtained for PMMA and its composites. Glass transition temperature of nanocomposites prepared with ethanol is higher than of nanocomposites prepared in acetonitrile.
Discussion
Hirata et al. reported that three main steps take place during thermal degradation of PMMA in nitrogen atmosphere 23 . The first step in the c.a. 150-250 °C range represents the decomposition of weak head-to-head bonds. The second stage, between 250 and 300 °C, is attributed to the decomposition of PMMA unsaturated chain-ends. The third step, above 300 °C, is related to the random scission of the polymer chains.
All the nanocomposites (SWy-1-C8/PMMA and SWy-1-C16/PMMA) prepared in acetonitrile exhibited higher decomposition temperatures than pure PMMA (Figure 1b) . The thermal decomposition temperature of the nanocomposites increased with the increasing in the organo-clay content.
The improvement in thermal stability of the nanocomposites is mainly due to exfoliated structure, in which the interaction between the clay and the polymer is maximized, the clay surface area available for the polymer matrix is larger 26 . In previous work, the structure of these nanocomposites (SWy-1-C8/PMMA and SWy-1-C16/ PMMA) was characterized by X-ray diffraction 24 . For composites prepared in acetonitrile, exfoliated structure was predominant.
In the case of PMMA and nanocomposites synthesized in ethanol (Figures 1c, d ), which the predominant structure is of the type intercalated 24 , the thermal stability of polymer and nanocomposites is the same .  Figures 1b, d show that the second peak, attributed to the end-chain unsaturation, becomes less apparent with higher organoclay loading. This suggests that in the photopolymerization of clay/PMMA composites, the clay inhibits the formation of head-to-head bonds and unsaturated chain-ends.
Nanocomposites showed storage modulus considerably higher than that of pure PMMA. As can be seen in Figures 2a, b , the storage modulus of the nanocomposites increased with the increasing in the organoclay content.
Incorporation of organoclays restricted segmental motions of polymer chains at the clay-polymer interface, resulted in an increase in storage modulus. It is worth pointing that the increase of storage modulus to nanocomposites confirms high resistance of organoclay against matrix deformation 25, 27 . Also, the temperature range of elastic response of nanocomposite is higher than of pure PMMA.
Tg values decline at the higher clay concentrations. When the clay content is relatively low, the particles are easily exfoliated and uniformly dispersed in the polymer matrix, so that the exfoliation effect is relatively strong and Tg increases 25, 28 . Thus for higher clay contents the exfoliation seems to be difficult.
It is found that the type of SWy-1 clay affects the Tg values (Figure 4) . Glass transition temperatures of nanocomposites SWy-1-C16/PMMA were significantly higher than the values obtained for nanocomposites SWy-1-C8/PMMA. This can be attributed to the modifying agent C16, which has a greater hydrophobic chain length. The organic tail can provide a better dispersion of the MMA monomer in the organoclay, resulting in a nanocomposite with predominant exfoliated structure 24 . Nese et al also observed enhancement on Tg values for nanocomposites with exfoliated morphology 26 . Another significant factor to be considered is the effect of solvent used in the synthesis of nanocomposites. As observed in Table 1 , the increase in Tg temperatures for nanocomposites prepared in ethanol is caused by the influence of molecular weight. These nanocomposites from ethanol present higher molecular weight than those prepared in acetonitrile, and consequently a higher Tg .
The Tg of polymer nanocomposites is a complicated matter that depends on the nature of organic modifier, clay loading, nanocomposite structure (intercalated, exfoliated or mixture) and dispersion and arrangement of the clay stacks in the polymeric matrix 27 .
Conclusions
Nanocomposites (SWy-1-C8/PMMA and SWy-1-C16/ PMMA) prepared in acetonitrile exhibited improvement in thermal stability, mainly due to its exfoliated structure, however, these materials exhibited Tg values lower than Tg's of the composites synthesized in ethanol. These Tg results can be explicated by higher molecular weight of the nanocomposites prepared with ethanol.
Glass transition temperatures of nanocomposites SWy-1-C16/PMMA were significantly higher than the values obtained for nanocomposites SWy-1-C8/PMMA. This can be attributed to the C16 modifying agent, which present a greater hydrophobic chain length. The organic tail can provide a better dispersion of the MMA monomer in the organoclay, resulting in a nanocomposite with predominant exfoliated structure.
In comparison with pure PMMA, glass transition temperature and storage modulus of polymer are notably improved by the presence of clay. Incorporation of organoclays restricted segmental motions of polymer chains at the clay-polymer interface, resulting in an increase in storage modulus. It is worth pointing that the increase in storage modulus of nanocomposites confirms higher resistance of organoclay against matrix deformation.
